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(54) THIN-FILM PIEZOELECTRIC ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain characteristics of 
an incommensurablly wide band by providing a metal thin 
film as an epitaxial film on an Si substrate and forming a 
PZT thin film, which is epitaxial in 90° domain structure 
wherein (100) orientation and (001) orientation are mixed 
at a specific atomic ratio Ti/(Ti+Zr), on it. 
SOLUTION: On the Si substrate 2 in which a via hole 1 
is formed, a buffer layer 3, a base electrode 4 formed of ) 
Pt f a PZT thin film 5, and an upper electrode 6 made of 
Au are provided in this order. This PZT thin film 5 has a | 
0.65 to 0.90 of atomic ratio Ti/(Ti+Zr) and is a 90° 
domain structure epitaxial film where (100) orientation 
and (001) orientation are mixed. Further, the base 
electrode 4 is a (001)-orientation epitaxial film, the 
reverse surface of the Si substrate 2 is adhered to the 
bottom surface of a package 1 1 with a die-bonding agent 
1 0, and the upper part of the package 1 1 is sealed with a 
lid 13. Consequently, the constituted thin film bulk wave 
resonator obtains superior piezoelectric characteristics 
without polarizing processing the PZT film 5. 
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1 

CWPZTflBK*5t«H^tt:T i/ (Ti+Zr) # 

o. 6 5*^0. 9 o^isiairfc^sfia/E^^o 

[f»*H2] flMBPZTSflKj&S. (100) BEf^l <t 

(ooi) Kffl£#*«E-f-s 9 os K^>r>«5t^tr^ 
^v/t/nB-efcs«#« i ©wee***. 

2 WMBE«*-?. 
[000 1] 

[0 0 0 2] 

iftLtt-^(Oi!*H»LX, IMT2 000/jI^ 

3pJ«JSI**f4*'¥^/V'5'^fc±J|.U 5 MH 

E^e>2 0MHzK±i:lfc#C-#-**rtl^fcS o *fc. 8S«ttl 

|IIFffl7^/^^lX(l itcgMtSffiJK (Surface 
Acoustic Wave: SAW) 7^>T * J&SJBV^ixTV**. SA 

[0 0 0 3] SAW^BailiffJlL iEm^ 

^JioTHaStt-SHItt^/^aS*!!^ (Film Bulk Ac 
oustic Resonator :FBAR) te, ^r^/wy8T'S**I 

fc8K:i»ft:ft^ot L**U FBAR^fljlL 

5o Ufc#oT\ FBARIt W^iffl/h®^*-^ 
[0 0 0 4] PbZr0 3 -PbTi0 3 @SM^)P 

Bf^^^^ F B AR ^H1T# ^ s «X- 

tf. Jpn. J. Appl. Phys. Vol. 36 (1997) pp. 6069-607 



(2) ^120 00-3 3 2 56 9 

2 

*ftfcPZT»HO»«H, Pb (Z r 0i52 T i o.48) 
0 3 X£>6 0 

[0 0 0 5] Lj&>U JiKXttlcffittSixfcFBAR-C 

i*r£(Cte*+-#X£)6 0 lf:^ot, PZTlK^Sft 
[0 0 0 6] 

io mmw&i,*? k-rzmgn t-z-e. 

fit. S i SK±«-*5V^P ZT^JS^^^^-^W* 
«©»W*<TV\ PZT«feS i SK-bl^f *=^> 
*^J«*$*5:*ifc*\ «*.tf«M!B¥9 - 1 1 0 5 9 2 
WWiWHTl 0-2 2 3 4 7 6^k$8IC*5^T^L 
TV^o fcfcU IPJ4*«T?tt. PZTfl^V^F 
B A R /<>f * (Dtfitt litT/cf o X V V > B 
[0 0 0 7] Mi2 5 6 8 5 0 5^il^ 

PZTW4< P b T i 0 3 ^i:t>*L a^APP b T i 0 3 

#e>ttTV^ 0 fcfcU ^«WFBAR^ Ojg/BU: 

ov>xf±iB**nxv^v\ ^fc, FBARm mm 
<o*s y i/y*minik<otcmz^ m^mx^mi^x^^ 

M g OSS-CW:* < S i *«±^flE«f»K«r»* l^it 
[0 0 0 8] b CtltX\ PZT»J^&FB 

T> S i m&k PZT«I^i(l^ttFBART* 

[0 0 0 9] *r^T% ^^i^hfc-^iSv^c^ 
F B A R Sr3imx*# -5 »KJBESPR^ £ c 

[0 0 10] 

[fflus«r»*-rs*:«)^a] -biaeww:. tie (i) 

- (3) ov>-ftt^o«*tcj:i9^sn^)o 
40 (l) S i S«Lhlc, ^tf^^r^-r^X&e&JR* 
Bt**U ^oA*»BUiicpzT*BISr*U COP 
ZTWM^iSJtSJR^JtT i/ (Ti+Zr) y^O. 6 

(2) BMBPZTMKa^ (lOO)SBr^^(OO 
l) SEf6ji:^iS^i-S9 0JSK^>r vS^t 9 ^^^^ 
^KXfeS-bia (l) (^iSlffli^o 

(3) «R/M^tt#«^-C*>S-tfB (1) 
(2) OWMEEm^^o 

[0011] 



J 



3 

SUPZT»IS:E1»R^ US i Stg±i^{i^6 
FBAR^fiW\ PZT»M^ffij£l-*£<## 
t«wt *^^il:i6fc 0 -t IT, ^ItT i X (T i + 

zr) *±iaf&l8rtii-<5::i:i-J:!K *ff»vMcj£;«r* 

&FBAR&PZ TMI<D#jlM3g& LT^St^ 6 ^ 

mizVffl-t&o **5* KTOBWI-*^TT i/(Ti 
+ Zr) £&6cod\ ^TJ«mfc"CS>a o 
[0 0 12] -Mfc* JE«#*>JE«*M4W\ 

»««o|EliWt«fftS. *»fl-Cfflv^S 10 

[ooi3] #wih*u:*5v*t¥— EiojiK^te, 
istfspfrfc. (ooi) ffij&s#ffii-eBt**i*-r6, 

fc-5 c #J;Ltf. (0 0L) El*!** i-ftfofecB* 
— ErtKtt, ^ 2 e - 0 XjBUSWt? (o o d msifib 
<DR*i&B£i>K (o o D ffiK*t^>**tf— *&SL<n l 
0%£TF. Jf*t<tt5%HTwtotf*8, # 
gjjjlrtNcjfciv^T (ool) wt. (ooi) Jhm<om. ir 
ttfcfe (001) (0 0 2) fc£r<0*ffifcffi4:l»W-t~ 

s**"ea>6o (hoo) t>W*lw, (loo) 

^ (2 0 0) tttf©««ftB*rl*W+S**"Cfc6« 30 

[0 0 14] £fc. *:0J^ffl#tC^oV^X*I^Ilb o ^^v'ir 
/MR£i^5 Elfl<0^^**VirA«fc** 

MX^ot, ffil®l*j£:X-Yffi<*: U **# 

fSl^Ztti: Ufc*#* Si^xi, Ytt*5<tt^Zf**lPl 
»ci^t^%o-cErniL'Xv^BI-e«)6o 

^-^ss^i o%«t* ff*u<r4 5%aT-efca^ 

g^fc6o *9;ttf, (00 1) xbT^^t/HB, 40 
£>^c ®octf^i/ ^1^X13:, *<D 2 0 - 0 X$*[eJ#T 

(ool) EH*©*— ^a*** s * (ool) 

*t: 0 ~^&ffic0 1 0°/oJ£JlT\ fftL<f±5%am 
So JB— RWiftiSW^iBlHlSf (Reflection High En 
ergy Electron Diffract ion :RHEED) ld;fe5V>"C> ^atfy 
h*fc»4^ b V — — ^*r»+ifi*#*>6. RHE 
EDJd*5V>"Cy y^^-V^^P- — >-£ 

RHEEDSPtfH, Hi®f^l-^ft5jSStt(7)gE^]CO^^ 
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[0015] ffl*fflti:M^9 0SKMy« 
»:* *fc< *fc*ttfc:*SV^C* IB 

-iw, m<0 2 0 - 0 XjffiUSiJrC (OOL) *5J:tf (HO 
0) ®J^cDfc°-*&gas. (0 0L) (HO 
0) ®<7)g*fc 0 -*&Ktf)l 0%J^T, £f£L<tt5% 
KT"C*)-5i^S^*>So IB— 

[ooi6] pztis, jE*ft-e» [ooi] 

[ill] *lRHw^««i«:to 0 PZTt 
-HWCM-ett, Ti/ (Ti+Zr) 
= 0. 5f+jS£JL±t?jE*S. Ti/ (Ti+Zr) = 
0. 4#fiHTt?«ffiftfl, 0. 4d^fe0. 5tti£te, 
MPBtoafcvvbjh,, lE1j&t&m»&k<DlB&1&&b 
ftB. C(OMPBffi^#ifii-^V^iEm^^ 1 t>ia< 

«*xfc*«»tt3fts»e>*t«. «x.rf«iriBLytjpn. 

J. Appl. Phys. Vol. 36 (1997) pp. 6069-6072 tCfEtt 

Sixxv^^WiPZTltBKcisv^-ct, _hlfiMPB*a 

[0 0 17] L**U xfc7^>t/^fl^*)PZT 
Stt^SJt-ElRlL^SWtt'fSwi:, JUfcfttcfi. * 

*<tt>jE*A (ooi) mfaf&&*#-rz>mmt-rz> 

Zt&n^±<, iE*ft (0 0 1) gEftK<b^6/c*6td 

s^fpjiciErpiS^Si^^Mt**, pzTfct, ism. 
x^jE^x^6^5 o o^^xfismffixfeSi:^ 

^<DB»dic*S (ioo) gsrsico^t-^^^-v/p 

^J-^SI-te^b7t^#tr, (00 1) gSf^cO 

3Ltr^^v-r/HR, &tc\^ (ioo) mfat (oo 

i) m\^t^mtE-r^9 omb^^^mm^^^^-^^ 

sumttaZo pzt«W (ooi) Efpi^ifcf^^^ 
OS K^^>^^t 0 ^^ri/^/^^^ 

W"C«^JS»K) toft^-SiS^ *Jj:t;PZTiI^ 

[0 0 1 8] (H 1 lu*t«^FB AR 

Iciidv n x » -t^*fi4*ttdspzT»K(OJKatt««2:if^) 

[0019] gl^t6FBARIl fcT*-/H^M 
£*l/cSi (10 0) m^fpS« (i^T> *tCSiS« 
<^V>5) 2$:#L, SiSS2±C, Wt^ya^S/ 

5 0nmCO/<^/^r^ 3, P t ^f)^6f ^ 1 0 Onm^T 
iH!4, 15^0. 5 »m<DP ZTWti&S&XXfAufr 
^/^g^lO OnmCO±^m®6^C(7)|(lXKtt/c^^ 
Xfe6o trr*— /Utt, [S^TffifflM^S i «r»*14 



1 



5 

5A«ri*L"CV^. Sig}£2 0T®tt, ^^>K 
sxfy^DllfcS> y^^KIR&ffl^T^y:/!:: 

[0020] Ti&mffi4»i. mmmz£*>mf&i,ito p 
zTinsft s i mwi2±m<o±mi^7cmmm^^ 

tf r l JifcHK «**r»#ttfc* y ^^Bfefe-t- 

6^tia^)MUc 0 PZT»Bt5 0*afiR«. Ti/ 
(Ti+Zr) =0. 3—1. 0c^®KF^ici£SLfc o 20 

U -ttf^ffi^-jfeW^ 5 umX 5 0 ^mi: U 

[0 0 2 1] T^^®4^ (0 0 1) gSft^t^^v'-r 
/HSX&S^tes FBARf^SS0D^lC x Xj»lHllff*3J: 
TJ?RHEEDtCj:t)?felSbfCo RHEEDIC 
JSV^C* h y — — ^dS#&*U 2 0-0X 

|»EI»rlc*5t^T, (0 0 L) ffi«*^-*3ftKa s «m 
pg*^T, i-tt*?*>, (ooi) ffio>**fcr--*3ftj£<a 

0. l%KTtfcot 30 
[0 0 2 2] Ti / (Ti+Zr) =0. 5- 

1. OIC^Q^X. PZT»l5^D^^>f hiia^) 
(0 0 1) Blft^^*^*>MK*fctt (10 0) grlfa 

£ (0 0 1) Rrpj£asiH£-*-£9 OS h7^f>i^fc° 

s<* — >'t>mhMt 0 2 0 - 0 X$U°]#r i-^^ 

X. (0 0 1) EfpJl«l-*5V>-Ctt. (0 0L) M£lft<D 
tr-^Sft*tt*U4K*KT, -Tttfct. (0 0 1) ®o 

«agK-CW\ (0 0L) ffi*5«fctf (H0 0) ®^cot° 
-^5fi*fi«tBI8IH^T. -Tfcfc>t>* (0 0 1) ®o* 
^t°-^^JS^0. l%OTX^o/c 0 — PZTi 
i5l:^^TTi/ (Ti+Zr) 5 5fc?8~C£><5 

^\at, RHEED^-^y^«-C*ofc, 
[0 0 2 3] r^FBAR^PZT»K5l:oV^ * 

[0024] Ti / (Ti+Zr) ^0. 4 £JIT 
"Ctt, P t WttfSftt P Z T©^Sftt©5 ^^jy 50 



WBfl 2000-332569 

6 

fco Ti / (Ti+Zr) ^o. 4tfc6PZ 

T<D&*fem*. f£&Um (6 0 0t) ^JSV^TO. 4 
0 9nmT*fc*K — S i S«±(CJi fcT* * ir 'WSfi 
UcP t ft*cttWia**a««2:i3v>T 0 . 3 

9 4nnfC&<& 0 ^<OWr&<0 x y 3 . 8%kJ<% 
l\fc:tf>, k to* Ti / (Ti+Z 

r) #0. 4*«<fc«^l-«:, £fblC^;*-7y^;*:# 
</<*So -JSu T i / (Ti+Zr) 75>0. 4*m*-Z> 
»^fcf±S*^y^as/hS<fc"K PZTflMR^ftfffc 

^•fcl 0 ^^^^/l-^^p]-^ < J : ^^ o t>4^|Cl. Ti/ 
(Ti+Zr) *S1. OCO»<&U:te. S^y^O. 
7 5%T*fc6o 

[00 2 5] Ti / (Ti+Zr) ^0. 5£JUL~C&6 
PZTWBtt-olvC* Xi^lHlSflwJ; «9 (10 0) 
t*3fiRl (10 0) £ (0 0 1) S^MSI (0 0 
1) ^JttW^fco «*S:ia2U:**1- w B2^&, T 

i/ (Ti+Zr) ^o. 6**rT?fcfc, (0 0 1)*- 
ElfijK^ttoXV^S^i:^*?^** — Ti / (T i 
+ Zr) ^0. 9 OS -f ^ffimmk ft 

or*5t), t i jtasflKfcsia^a K;*>r >as*saoLx 

PZT^gfiliT i Jfc!MS<*6l3:ifaHli: cH 
[0 0 2 6] ^ttl^thCDmj&lZ&rtZ (0 0 

i) ErRi^s^cW»^*^»i3eb^*^^:-ro * 

*b\ 0 3 iC^^rfSiKUis PZTt7V^^^Oc^ 

^*«c«w»# LfcfS^j^^ eft v^*, la^^^a^js 

tf##<D»^»-0*>5o Ti/ (Ti+Zr) ^o. 

6«T<^^^> (H2X^-rJ: pt- (0 0 1) ^— ffirojK 
^*S^t>^d^e>i*. H3-Cttc*wsja< ftotv^ 
6. r cD*afiK«c"Ctt. S i S«^<o!R«3SiS*(OS6(cJ: 

tt, c«fia»J:ni<iSo Ti/(T 

i+Zr) ^0. 6 5^Jl_LX^, El 2 <t 5 l-X h 

7=rty7^f- j5 s iSV\ -?rOfc^. a Yt^l/fr&m^ 

lilts jftSKBS-ecos iiSt^Wiitii^ 

Z T«flg<7) c tt»T-^»^ir y;^^c «»^3tlS 

[0 0 2 7] ±l2FBAR^IlB+ABf B 1l^ 
V^TSIISi-*«*tt4r»J^UfcfcC:^, PZTSiWT 
i/ (Ti+Zr) 3550. 5t*fo5^ f/^^ 

(ooi) Er^ttfi*lv^Sctto»^»jftS/hSv^»-fr 

(Ti+Zr) *S1. 0-C*>S»*> -r*fo*>. cttO 

*-T-3fe*tt*#i^ s (ooi) Ersiti^ffiv^-&{cr±, 
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a BB8-e««y u ^mmmm^^mt 

ftoTL^ofc Ti / (Ti+Zr) = 1 . 0 

[0028] Ti / (Ti+Zr) tf*0. 5ttiSO*fi/£ 

[0 0 2 9] *C-C, PZTc^T i/ (Ti+Zr) ^ 
0. 7 5T?*>5FB ARlCOV^TiBSSrlTot, 

J: «R#«« A» 6 £EH^i£ e 33 *5 <fc C 33 

«:#«>*: £::>5k e 33 =14. 3C/m 2 , C 33 =8. 8X 

^6*««*Me^»»k^ 2****6 i:, k 2 =47 

#f*VMciS1IMRoFBAR**a-e 

[0 0 3 0] PZT»IoM^oX«W^^ 
6C£t;iJ:9, P Z T»«©ff * U^fi*««:*ofc« 

V>T^Hfc*S^tt*#57t*^^. Ti / (Ti+Z 
r) ^0. 65 — 0. 9 O^T^COlfiffiiClfcSC £ j&SjBS 

TNfo?K 0. 70^0. 8 5©«Btfc5^^ s ff* 
LV^fc3aSfc36*ofc. i-ftfc'fe. PZTflMtK^mST 
i / (Ti+Zr) £, 0. 6 5, 0. 70, 0. 7 
5, 0. 80, 0. 85, 0. 9 0£LT, H^O^M 

WttfcH^fcJ*** itL&roFBARi-^-C^feV^X* 

«1*tt*#feix. t>*Os ^H^t^T^FBARli, EE 

m£» e 33 ^io c/n?aji, k 2 ^ 3 

£0. 70, 0. 75, 0. 80, 0. 8 5£LfcFB 
AR-Cte, ffl^e 3 3^14C/m 2 ^ 

[0 0 3 ll«±^*^^ FBARl:*iV^ 3i tT 
* * > V tVtfOk Lfc P Z T tLfcEE«ttSr*-r tt 

■C«:4v^i:^fo^a« 3ifcr^*^-ir/wj**LfcPZT 
SW««:/BWcFB ART'te, PZTHiOTi/(Ti 
+ Zr) Sr. S y^^lw*5»tS*ilfiJ*^e> 

[0 0 3 2] PZT»JRK*3tf-*EE««F 
«few«afiR«ffttd^ PZTt75^^i4<ftfto«: 
^T^<tP%xfc 0 PZ 
TaHRdSftnfeffiWttt^i"*^^- (i)l*»«Ps 
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^w^mo-cv^a, i-ftto*> (ooi) Btiitta*X 

ir^fc. (ii)gX4MEP sfl5*#v\ cWo 

fe*lc»J6i-8c4:tt5FBriB-efc6. SiS 
«±lw, xt^^i/ t /Ht^6P tfK^Ltxf 
^ ^ V-^/^g P Z T»lS:ix 6 F B ARTO, 
PZTffloSM, ±K*fr(i)*fc*aKW£"*-* 

[0 0 3 3] r^#»jcaS<5*. *»WlCibMt6T i/ 

(Ti+Zr) <oBBfi«ft EAT*>J:5lw 
fc*. Ti / (Ti+Zr) ^0. 6 5**re*>a£. 

(ooi) *-garpj^^«wtt(cisv>^ffi^i±^6^c 

ti5 0 ifeJK^Jfc* 5 0 . 4^TW, PZT» 

*3ifcr^^>'^^fifc*^^rffi^*So — Ti/ 

20 (Ti+Zr) #0. 90£j@;i5£, ( 0 0 1 ) g£ft 

[0 0 3 4] »B8ffi«*^»ffi^«fiE 

[0 0 3 5] gJS 

30 *j»W"C*i»Ki: US i frffll^*. ^l-S i 

(10 0) ffi3&ss«*ffit<cSJ:5^fflv>fc*&. «M4 

^ffittfcPZT3iif^#^^^jffi^#^ttso-e. 
lv> 0 £fc, f b arMiSC^v^t er*-/* 

ff*uv\ s iS«^> (T*«W . 

PZT»lK*5<tt^«3fii-S^y7rJBttt. ^tt^ttco 

[0 0 3 6] /<y7ri 

BUi-iavvc. (ri^m^4) fc*K2£<ara 

[0037] ^jBMowiwEWjH^-cri, p z mm* 

ms—tt<r>mM<o—j5h\^X, *fc, PZT»flICOTlfe 
at, S i£tt±K&A*K*Kl*&. 8fttt©ftff 
/j:PZTiIS:^Wl:ii, ^^^JS»^*. 
50 (^ifiv ^^ tr ^ * > -v LXMt ^ 
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#tt«HAfc:J:S»B! 5 P9- 1 1 0 5 9 2 

^^fttfi, s i WJgAKK-bl- (ooi) Rrfiioz r 

JK«*r*tf^y7rJB*K*t, :^5x7rl±l^ B 
a T i 0 3 ^e>&<5 (001) gEfatfXu zf**^ h 

Ym*WtrtZ><OYZ, Zr0 2 (0 0 1) ffR 

±i:p tnmzmm&i&'rzt. pt* (in) saft 
^^es^jjot, Pt (ioo) gar*]JSI&7£ 

/&^£C£tf^#/^^6-C&£ 0 ZrO 2 (001) 

sijgiiii^i^TP t» (ill) &faktez><Dn, z r 

0 2 (0 0 1) mtPt (10 0) ffi£<DK|-C»^FS 
-ttett (10 0) I4rM®^LT*ft6J:?) 

^*jis*-mz&fete (i 1 1) b^js^b^ut 

10 0 3 8] La>U ±SB^n^*>r Mi<0*fi8^« 

Z r *^#i"*'<y:7TJB-bK:> -<n^^^-T hJI£ L 
"CB a T i 0 3 »HM£^&^6f^i-J:iU B a Z r 0 3 ^<D 

(iio) ifirsiL^-f-v^s^^^n^-rv^o £fc. 

_bfS#^^9 - 1 1 0 5 9 2-^4*#-CWU ^®a^^ff 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The thin film piezoelectric device which has the metal thin film which is an epitaxial film on 
Si substrate, has a PZT thin film on this metal thin film, and has atomic-ratio Ti/(Ti+Zr) in this PZT thin 
film in the range of 0.65 to 0.90. 

[Claim 2] The thin film piezoelectric device of the claim 1 whose aforementioned PZT thin film is a 90- 
degree domain structure epitaxial film in which orientation (100) and orientation (001) are intermingled. 

[Claim 3] The thin film piezoelectric device of the claims 1 or 2 which are thin film bulk-wave 
resonators. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the thin film piezoelectric 
device used for the thin film vibrator used for a mobile transmitter etc., a thin film VCO, a membrane 
filter, a fluid injector, etc. 
[0002] 

[Description of the Prior Art] New communication system, such as IMT2000, is going to be introduced 
one after another to the demand of the service which carried out functionalization to a rapid expansion 
of a mobile communications commercial scene in recent years. Use frequency rises to several GHz and a 
frequency span is also in 5 to 20MHz or more, and the inclination to expand. Moreover, while a 
miniaturization and power-saving of a pocket device are advanced, as a filter for IF, the surface- 
acoustic-wave (Surface Acoustic WaveiSAW) device is mainly used for the row for RF. Also in the 
SAW element, much more RF-izing, wide-band-izing, low-loss-izing, and low-pricing are demanded 
simultaneously that it should correspond to a new system. Although the SAW element has so far 
corresponded to severe requirement specification from a user by improvement in device engineering and 
IE, the limitation of the improvement in a property is approaching. Therefore, quite big technical 
innovation is needed for the future of a SAW element. 

[0003] Basic resonance is possible for the thin film bulk- wave resonator (Film Bulk Acoustic 
Resonator:FBAR) realized by the piezo-electric thin film apart from SAW element development on the 
other hand with a GIGAHERUTSU band. However, a good piezo-electric thin film did not accomplish 
the development in which it was not much conspicuous from the process tolerance of a substrate in 
which that production was difficult the thing until now, a piezo-electric thin film, and this are formed 
having not gone up. However, if a filter is constituted using FBAR, a microminiaturization can be 
carried out and monolithic integration with a semiconductor integrated circuit is possible in a 
GIGAHERUTSU band to the top in which low loss and wide band operation are possible. Therefore, 
utility value of FBAR is large towards the application to a future micro pocket machine. 
[0004] PZT which is the PbZr03-PbTi03 solid solution is a ferroelectric material which has 
piezoelectric [ high ]. Therefore, if PZT is used, FBAR using the PZT thin film of the polycrystal which 
might be able to realize FBAR in which wide band operation is possible in the high frequency band, for 
example, was formed of the sol gel process in Jpn. J. Appl.Phys. Vol.36 (1997) pp.6069-6072 is reported. 
Composition of the PZT thin film indicated by this reference is Pb(Zr0.52Ti0.48) 03. 
[0005] However, in FBAR indicated by the above-mentioned reference, unless it performs bias 
impression for performing polarization of a PZT thin film, the resonance characteristic is not obtained. 
Moreover, the RF of a GIGAHERUTSU band of the resonance characteristic obtained is also inadequate 
for carrying out low loss and wide band operation. Therefore, improvement in the electromechanical 
coupling coefficient of a PZT thin film is required. 
[0006] 

[Problem(s) to be Solved by the Invention] By the way, this invention persons consider epitaxial growth 
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of a PZT thin film on Si substrate, and show how to grow a PZT thin film epitaxially on Si substrate, in 
JP,9-1 10592,A or JP, 10-223476, A. However, in this official report, examination of the FBAR device 
which uses a PZT thin film is omitted. 

[0007] Moreover, although it is not PZT but PbTi03, and the La addition PbTi03, having formed these 
as a high thin film of the amount of preferred orientation on the MgO single crystal substrate is indicated 
by the patent No. 2568505 official report. In this official report, a pyroelectric property is examined 
about these orientation films, and the large output is obtained, without performing polarization 
processing, when the amount of preferred orientation is high. However, application to FBAR is not 
indicated by this official report. Moreover, in FBAR, highly precise processing of a substrate is required, 
and must form a piezo-electric thin film not on the MgO substrate currently used in this official report 
for monolithic integration with a semiconductor integrated circuit but on Si substrate. 
[0008] Thus, examination for applying a PZT thin film to FBAR until now is not performed. Therefore, 
it is FBAR which combined Si substrate and the PZT thin film, and the thing excellent in the resonance 
characteristic in which wide band operation is possible is not proposed. 

[0009] Then, this invention aims at offering the thin film piezoelectric device which can realize wide 

band extraordinarily FBAR compared with the former. 

[0010] 

[Means for Solving the Problem] The above-mentioned purpose is attained by one composition of 
following the(l)-(3). 

(1) The thin film piezoelectric device which has the metal thin film which is an epitaxial film on Si 
substrate, has a PZT thin film on this metal thin film, and has atomic-ratio Ti/(Ti+Zr) in this PZT thin 
film in the range of 0.65 to 0.90. 

(2) The thin film piezoelectric device of the above (1) whose aforementioned PZT thin film is a 90- 
degree domain structure epitaxial film in which orientation (100) and orientation (001) are intermingled. 

(3) The above (1) or (2) thin film piezoelectric devices which are a thin film bulk- wave resonator. 
[0011] 

[Embodiments of the Invention] This invention persons traced that the resonance characteristic of FBAR 
which it has on Si substrate by making the epitaxially grown PZT thin film into a piezo-electric thin film 
was greatly dependent on composition of a PZT thin film. And it found out that it was realizable without 
polarization processing of wide band extraordinarily FBAR of a PZT thin film by making atomic-ratio 
Ti/(Ti+Zr) into above-mentioned within the limits. Hereafter, the gestalt of operation of this invention is 
explained in detail. In addition, it is atomic ratios that all it is with Ti/(Ti+Zr) in the following 
explanation. 

[0012] Generally, it depends for the piezo-electric property of a piezo electric crystal on the array of the 
size of polarization of a crystal, and a polarization shaft etc. Also in the PZT thin film used by this 
invention, it is thought that piezoelectric [ the ] depends in the shape of [, such as domain structure of 
the crystal which constitutes a thin film, a stacking tendency, and crystallinity, ] crystallinity. Expression 
used on these specifications is first explained in examining the shape of crystallinity of a PZT thin film. 
[0013] In this specification, a single orientation film means the thing of the crystallization film with 
which the target crystal face is equal to a substrate front face and parallel. For example, (001), a single 
orientation film means a film surface and the film with which a field (001) exists in parallel mostly. 
Specifically, when measurement by the X diffraction is performed, it is the film of the maximum peak 
intensity of the field which the reflective peak intensity of things other than the field made into the 
purpose makes the purpose which is 5% or less preferably 10% or less, for example, a single (00L) 
orientation film, i.e., a c-th page single orientation film, — 10% or less of the maximum peak intensity of 
the field (00L) reflection of reflectivity other than a field (00L) by membranous 2 theta-theta X 
diffraction — desirable — 5% or less of thing — it is . in addition, this specification — setting (00L) — the 
field of a sequence (001) — namely, (001) — etc. (002) etc. — it is the display which names an equivalent 
field generically Moreover, (H00) is the display of this appearance (100) etc. which names an equivalent 
(200) field generically. 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web__cgi_ejje 



8/21/2003 



Page 3 of 10 



[0014] Moreover, when only calling it an epitaxial film in this specification, the epitaxial film of single 
orientation is meant. It is the single orientation film described above as the epitaxial film of single 
orientation, and when the inside of a film surface is made into a X-Y side and the Z-axis is set as the 
direction of thickness, it is the film in which the crystal is gathering and carrying out orientation to both 
the X-axis, a Y-axis, and Z shaft orientations. 10% or less of the maximum peak intensity of the field 
which the peak intensity of reflection of things other than the field made into the purpose specifically 
makes the purpose when measurement by the X diffraction is performed in the first place - desirable - 
5% or less — it is necessary to be . an epitaxial film (001), i.e., a c-th page epitaxial film, — membranous 
2 theta-theta X diffraction - peak intensity other than a field (00L) - 10% or less of the maximum peak 
intensity of a field (00L) — desirable - 5% or less - it is . In a reflective high-speed electron diffraction 
(Reflection High Energy Electron DiffractionrRHEED), a spot or a streak pattern needs to be shown in 
the second. When a ring-like pattern or a halo pattern is shown in RHEED, it cannot be said as an 
epitaxial film. In addition, RHEED evaluation is the index of the orientation of the crystallographic axis 
in a film surface. 

[0015] moreover, this specification - setting - a 90-degree domain structure epitaxial film - at least - a 
room temperature - setting - the first - membranous 2 theta-theta X diffraction - and (00L) (H00) 
10% or less of the maximum peak intensity of peak intensity other than a field, or (00L) (H00) a field - 
desirable — 5% or less — it is necessary to be . RHEED evaluation needs to show a spot or a streak 
pattern to the second. 

[0016] PZT has a polarization shaft in the [001] directions in the [1 1 1] directions in a tetragonal phase at 
********. Generally, at a room temperature, less than [ near Ti/(Ti+Zr) =0.4 ], ******** and the 0.4 to 
0.5 neighborhoods are called tetragonal phase more than in near Ti/(Ti+Zr) =0.5, and are called MPB 
composition, PZT ceramics serves as a mixed crystal of a tetragonal phase and ******** 5 i n near [ t hi s ] 
MPB composition, a piezoelectric constant becomes the highest, and the outstanding resonance 
characteristic is obtained. For example, the above-mentioned MPB composition is used also in the 
polycrystal PZT thin film indicated by said Jpn.J.Appl.Phys. Vol.36 (1997) pp.6069-6072. 
[0017] However, when PZT is thin-film-ized by epitaxial growth, about in the shape of what 
crystallinity piezoelectric [ good ] is obtained, it is not clear. Therefore, this invention persons tried to 
make a PZT thin film into the thin film which carried out orientation to polarization shaft orientation 
first, and to specifically consider as the thin film which has a tetragonal (001) orientation crystal at least. 
In order to consider as a tetragonal (001) orientation film, in case the thin film is grown up, it becomes 
important to make orientation carry out in the direction equivalent to these directions. In ordinary 
temperature, although PZT is a tetragonal phase, it serves as a cubic which is a parent phase above 500 
degrees C. Therefore, when growth temperature can be made into 500 degrees C or more, and it could 
be made to grow up as an epitaxial film of cubic (100) orientation in that case and it transfers to a 
tetragonal phase after growth while cooling, it becomes the epitaxial film of tetragonal (001) orientation, 
or the 90-degree domain structure epitaxial film in which orientation (100) and orientation (001) are 
intermingled. It is decided by the coefficient-of-thermal-expansion difference with a substrate, the lattice 
constant difference with the ground (this invention metal thin film) of a PZT thin film, and the lattice 
constant of a PZT thin film whether to become a 90 turning-into [ a PZT thin film ]-orientation (001) 
epitaxial film domain structures epitaxial film. 

[0018] This invention persons examined how the resonance characteristic would depend in the shape of 
[ of a PZT thin film ] crystallinity in FBAR of composition of being shown in drawing 1 . 
[0019] FBAR to illustrate has Si (100) single crystal substrate (only henceforth Si substrate) 2 in which 
the beer hall 1 was formed, and forms the up electrode 6 with a thickness of lOOnm it is thin from a 
buffer layer of with a thickness of 50nm it is thin from a silicon-oxide layer / zirconium-oxide layer / 
yttrium-oxide layer, a ground electrode of with a thickness of lOOnm it is thin from Pt, the PZT thin film 
5 with a thickness of 0.5 micrometers, and Au in this order on the Si substrate A beer hall 1 is formed by 
carrying out anisotropic etching of the Si from the inferior-surface-of-tongue side in drawing, and the 
thin film by which the laminating was carried out on it in this beer hall 1 constitutes the diaphram. The 
inferior surface of tongue of the Si substrate 2 is pasted up on the base of a package 1 1 by the die bond 
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agent 10, and the upper part of a package 1 1 is closed with the lid 13. In addition, after this structure 
formed the thin film and the electrode on Si substrate and carried out etching processing, it was divided 
into the chip using dicing equipment, and produced this chip by pasting a package. In the package 1 1 , 
the external end-connection children A and B connecting with the exterior existed, and these have 
connected with the ground electrode 4 and the up electrode 6 electrically through a wire 12, respectively. 
In this FB AR, the PZT thin film 5 on a beer hall 1 , and the ground electrode 4 and the up electrode 6 
which sandwiches this constitute a piezo-electric bulk oscillating element. 

[0020] The ground electrode 4 was formed by the vacuum deposition. The PZT thin film 5 was formed 
using photo lithography technology by carrying out etching removal of the field except a beer hall 1 top 
partially, after carrying out film formation by plural vacuum depositions all over the Si substrate 2 upper 
surface. Composition of the PZT thin film 5 was set up within the limits of Ti/(Ti+Zr) =0.3-1.0. The up 
electrode 6 was formed on the beer hall 1 . The up electrode 6 was made into the shape of a rectangle, 
and set the flat-surface size to 25micrometerx50micrometer. 

[0021] It checked that the ground electrode 4 was an orientation (001) epitaxial film by the X diffraction 
and RHEED on the occasion of FBAR production. That is, the streak pattern was obtained in RHEED 
and peak intensity other than a field (00L) was 0.1% or less of the maximum peak intensity below limit 
of detection (001) (i.e., a field) in 2 theta-theta X diffraction. 

[0022] Moreover, in Ti/(Ti+Zr) =0.5-1.0, the PZT thin film 5 checked similarly that it was the 90-degree 
domain structure epitaxial film in which the orientation (001) epitaxial film or (100) orientation, and 
orientation (001) of a perovskite structure are intermingled. That is, the streak pattern was obtained [ in / 
RHEED / in any thin film ]. Moreover, in 2 theta-theta X diffraction, in the orientation (001) film, peak 
intensity other than a field (00L) was 0.1% or less of the maximum peak intensity below limit of 
detection (001) (i.e., a field), and peak intensity other than a field (00L) and (H00) a field was 0.1% or 
less of the maximum peak intensity below limit of detection (001) (i.e., a field) by the 90-degree domain 
structure film. On the other hand, the RHEED pattern was a ring-like when Ti/(Ti+Zr) was less than 0.5 
in the PZT thin film 5. 

[0023] About the PZT thin film 5 of this FBAR, a relation with the shape of composition and 
crystallinity is explained based on an experimental result. 

[0024] In 0.4 or less composition, the mismatch of the lattice constant of Pt and the lattice constant of 
PZT had large Ti/(Ti+Zr), and the crystalline high PZT thin film was not obtained. For example, the 
lattice constant of PZT whose Ti/(Ti+Zr) is 0.4 is 0.409nm in growth temperature (600 degrees C), and, 
on the other hand, the lattice constant of Pt thin film which grew epitaxially on Si substrate is 0.394nm 
in the aforementioned growth temperature. Since the mismatch in this case is as large as 3.8%, 
crystallinity does not become good. When Ti/(Ti+Zr) is less than 0.4, a mismatch becomes large further. 
On the other hand, when Ti/(Ti+Zr) exceeds 0.4, a mismatch becomes small and the good epitaxial 
growth of a PZT thin film of it is attained. Incidentally, a mismatch is 0.75% when Ti/(Ti+Zr) is 1.0. 
[0025] About the PZT thin film whose Ti/(Ti+Zr) is 0.5 or more, the ratio of the reflectivity I (100) of a 
field (100) and the reflectivity I (001) of a field (001) was investigated according to the X diffraction. A 
result is shown in drawing 2 . Drawing 2 shows that Ti/(Ti+Zr) is a single (001) orientation film less 
than by 0.6. On the other hand, Ti/(Ti+Zr) is a domain structure film 90 degrees or more by 0.6, and a 
domain is increasing, so that Ti ratio becomes high. As for the crystal of PZT, the ratio (tetrapod 
GONARI tea) of an a-axis and c axis becomes high, so that Ti ratio becomes high. With high 
composition of tetrapod GONARI tea, since the lattice constant difference between an a-axis and c axis 
is large, it is thought that a domain comes out violently. 

[0026] The result which measured the c axis lattice constant of the orientation crystal in each 
composition (001) to drawing 3 is shown. In addition, the dotted line shown in drawing 3 is the c axis 
lattice constant of PZT ceramics. Since the stress for which it depended on the lattice constant of a 
ground unlike the thin film does not arise with ceramics, the dotted line in drawing is an original lattice 
constant mostly. In spite of becoming a single orientation film as drawing 2 shows (001) when Ti/ 
(Ti+Zr) is 0.6 or less, in drawing 3 , c axis is short. In this composition region, an a-axis is lengthened 
by the difference of a coefficient of thermal expansion with Si substrate by the cooling process after 
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epitaxial growth, consequently c axis becomes short rather than an a-axis. As Ti/(Ti+Zr) shows drawing 
2 or more by 0.65, tetrapod GONARI tea is expensive. Therefore, a domain occurs so much and the 
stress by the coefficient-of-thermal-expansion difference with Si substrate in a cooling process is eased. 
Consequently, as shown in drawing 3 , the c axis lattice constant of a PZT thin film is approaching the c 
axis lattice constant of ceramics. 

[0027] Next, when the resonance characteristic is actually measured among the end-connection children 
AB of Above FBAR and Ti/(Ti+Zr) of a PZT thin film is 0.5, namely, although the stacking tendency 
(001) was high, when the lattice constant of c axis was small, the resonance characteristic was not 
obtained at all. Moreover, when Ti/(Ti+Zr) is 1.0, although the lattice constant of c axis is large (001), 
when a stacking tendency is low, current leak occurs between AB(s) and it has become impossible to 
resonance characteristic measure it. In addition, Ti/(Ti+Zr) =1.0 are a lead titanate. 
[0028] As Ti/(Ti+Zr) mentioned composition of the 0.5 neighborhoods above, in the bulk ceramics of 
PZT, it is called MPB composition, and near MPB composition, a piezoelectric constant is the highest 
and the outstanding resonance characteristic is obtained. However, even the resonance characteristic was 
not obtained in the PZT thin film grown epitaxially. 

[0029] Then, Ti/(Ti+Zr) of PZT measured about FBAR which is 0.75. Then, sharp resonance was 
obtained near 2GHz. The resonance characteristic at this time is shown in drawing 4 . When asked for 
the piezoelectric constant e33 and the elastic coefficient C33 from the resonance frequency in this 
resonance characteristic, and antiresonant frequency, it was e33=14.3 C/m2 and C33=8.8xl010 N/m2, 
and e33 was a very high value. Furthermore, it was about 300 when the specific inductive capacity of a 
PZT thin film was estimated from the measurement result of the electrode area dependency of capacity. 
When the square of an electromechanical coupling coefficient k was calculated from these values, it is 
k2=47% and the value of 10 times or more was acquired compared with the former. If this property is 
used, FBAR of a wide band is extraordinarily realizable. 

[0030] As a result of exploring the desirable composition region of a PZT thin film by shaking 
composition of a PZT thin film and investigating the resonance characteristic, in order to obtain the 
resonance characteristic which was excellent in the 90-degree domain structure epitaxial film of PZT, it 
turns out that it is required for Ti/(Ti+Zr) to be in the range to 0.65-0.90, and it is desirable that it is the 
range of 0.70 to 0.85. namely, Ti/(Ti+Zr) in a PZT thin film 0.65, 0.70, 0.75, 0.80, and 0. - all these 
FBAR(s) showed the piezo-electric property in which the resonance characteristic was obtained in all 
these FBAR(s) as a result of investigating the actual resonance characteristic as 85 and 0.90, and the 
piezoelectric constant e33 was excellent in with two or more 10 C/m, and the electromechanical 
coupling coefficient k2 was excellent with 30% or more moreover, the above-mentioned atomic ratio — 
0.70, 0.75, and 0. - in FBAR set to 80 and 0.85, the property in which the piezoelectric constant e33 
was excellent in with two or more 14 C/m, and the electromechanical coupling coefficient k2 was 
extremely excellent with 40% or more was realized 

[0031] It turns out that the composition range which shows piezoelectric [ the epitaxially grown PZT 
thin film was excellent in in FBAR from the above result ] is not what can be guessed from the desirable 
composition range known in ceramics (bulk object) or the polycrystal thin film. In FBAR using the 
epitaxially grown PZT thin film, the high property which is not in the former is acquired by shifting Ti/ 
(Ti+Zr) of a PZT thin film from the optimal composition in bulk ceramics. 

[0032] This invention persons considered as follows the reason which shows the behavior in which the 
composition dependency of the piezo-electric property in a PZT thin film completely differed from PZT 
ceramics. That is, it is thought that the conditions which show piezoelectric [ excellent in the PZT thin 
film ] are two of thing **s with the lattice constant of c axis that the (i) spontaneous polarization Ps is 
equal to ** namely, (001) that a stacking tendency is high, (ii) large [ Ps ], namely, large. However, it is 
[ in / the PZT thin film grown epitaxially / both ] impossible to satisfy the two above-mentioned 
condition, in view of the result shown in drawing 2 and drawing 3 . Therefore, while satisfying 
composition of a PZT thin film to some extent at FBAR equipped with the PZT thin film which grew 
epitaxially on Si substrate through Pt thin film which is an epitaxial film, when the above-mentioned 
conditions (ii) shall satisfy the above-mentioned conditions (i) to some extent, it is thought that the 
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outstanding resonance characteristic is obtained. 

[0033] It is as follows when the reason for limitation of Ti/(Ti+Zr) in this invention is explained based 
on this consideration. Although it will be in single (001) orientation or the state near this for Ti/(Ti+Zr) 
to be less than 0.65, since c axis contracts, it is thought that piezoelectric is not obtained. Moreover, or 
less by 0.4, the mismatch of the lattice constant of a PZT thin film and a substrate becomes large, and 
the good epitaxial growth of the above-mentioned atomic ratio becomes impossible. On the other hand, 
if Ti/(Ti+Zr) exceeds 0.90, although the c axis of an orientation (001) crystal is fully extended, since 
PZT of this composition has the large difference of the lattice constant of an a-axis and c axis, a lattice 
defect is produced on the domain boundary in the PZT thin film used as domain structure, and it is 
thought that electric leak will occur between an up electrode and a ground electrode by this. 
[0034] The composition of each part of a thin film piezoelectric device, next the composition of each 
part of the thin film piezoelectric device of this invention are explained more to a detail. 
[0035] In a substrate this invention, Si is used as a substrate. Since the PZT epitaxial film which was 
excellent in the property is obtained when it uses so that especially the field (100) of Si single crystal 
may turn into a substrate front face, it is desirable. Moreover, it is desirable also at the point that 
anisotropic etching can be effectively used in a FBAR production process in the case of beer hall 
formation. In addition, as for Si substrate, and a metal thin film (ground electrode), a PZT thin film and 
the buffer layer mentioned later, it is desirable that the shafts which exist in each field are parallel. 
[0036] As for the buffer layer 3 which exists between a metal thin film (ground electrode 4) and a 
substrate 2, in buffer-layer drawing 1 , preparing, although it is not indispensable is desirable. This 
buffer layer has a function as an etching stopper layer at the time of forming a beer hall on Si substrate 
by the function to grow a quality metal thin film epitaxially, the function as an insulator, and etching 
processing. 

[0037] In the thin film piezoelectric device of this invention, a metal thin film is prepared on Si substrate 
as one side of the electrode of the couple which sandwiches a PZT thin film, and a ground of a PZT thin 
film. In order to obtain a crystalline good PZT thin film, it is necessary to form this metal thin film as an 
epitaxial film near a single crystal. In order to form a metal thin film as such an epitaxial film, it is 
desirable to use the method indicated by JP,9-1 10592, A by these people. By this method, a metal thin 
film is made with an epitaxial film by preparing the buffer layer containing Zr02 thin film of orientation 
(001), a stabilized-zirconia thin film, a rare-earth-elements oxide thin film, etc. on Si single crystal 
substrate, forming the perovskite layer of the orientation which consists of BaTi03 grade (001) on this 
buffer layer, and forming the metal thin film which consists of Pt etc. on this perovskite layer. In this 
method, a perovskite layer is prepared on a buffer layer because Pt cannot serve as orientation (1 1 1) or a 
polycrystal and cannot form Pt (100) single orientation film, if Pt thin film is directly formed on Zr02 
(001) thin film. Since grid mismatching is large, Pt serves as orientation (111) between Zr02 (001) field 
and Pt (100) side on Zr02 (001) thin film because it grows considering a field stable (1 1 1) in energy as 
a growth side rather than it grows up considering a field as a growth side rather than Pt grows epitaxially 
namely, (100). 

[0038] However, formation of the above-mentioned perovskite layer takes time and effort, and it is 
homogeneous especially and it is difficult to form a perovskite layer with the composition as a design. In 
case BaTi03 thin film is specifically formed as a perovskite layer on the buffer layer containing Zr, the 
orientation (110) plain-gauze cone matter of BaZr03 grade is easy to be formed. Moreover, although the 
vacuum deposition which supplies metallic fumes to a substrate front face in a oxidizing gas is used as a 
method of forming the homogeneous thin film of a large area, when forming BaTi03 thin film by this 
method, and it deposits on a substrate front face as an oxide, it is necessary by above-mentioned JP,9- 
1 10592,A to control the evaporation of Ba and Ti correctly to be set to Ba:Ti=l:l. 
[0039] Then, it is desirable to use the buffer layer explained below as a buffer layer which can form Pt 
thin film which is an epitaxial film, without preparing BaTi03 thin film. 

[0040] It is the feature that, as for this buffer layer, an interface with a metal thin film includes a {111} 
facet side. Since the touch area of a buffer layer and a metal thin film increases by existence of a facet 
side, there is also an advantage that ablation of the metal thin film which may be produced in the micro- 
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machining process at the time of producing FBAR can be suppressed. 

[0041] The ** type view of the facet side on the front face of a buffer layer is shown in drawing 5 (a). 
This facet side is expanded and shown in drawing 5 (b). Since a buffer layer is the epitaxial film of cubic 
(100) orientation, tetragonal (001) orientation, or monoclinic system (001) orientation, this facet side is a 
{111} facet side. A metal thin film grows epitaxially as { 1 1 1 } orientation films on the { 1 1 1 } facet side 
of a buffer layer. With growth of a metal thin film, the crevice constituted by the facet side is filled, and 
finally, as shown in drawing 5 (c), the front face of a metal thin film becomes flat, and it becomes 
parallel [ this front face ] to a substrate front face. Although this front face turns into a cubic (100) side, 
there is also with a tetragonal (001) side and a bird clapper by distortion of a crystal lattice etc. 
[0042] Although especially the size of a facet side is not limited, if the size when projecting on the flat 
surface which intersects perpendicularly in the height of a facet side, i.e., the field of a buffer layer, is 
too small, since the effect by having established the facet side in the buffer-layer front face will become 
small, as for a projection size, it is desirable that it is 5nm or more. If a metal thin film is not thickened 
in connection with it, a metal thin film front face stops on the other hand, becoming flat when this 
projection size is large. However, since it will become easy to generate a crack if a metal thin film is 
thickened, as for the above-mentioned projection size, it is desirable that it is 30nm or less. In addition, 
it asks for the above-mentioned projection size from the transmission-electron-microscope photograph 
of a buffer-layer cross section. 

[0043] The ratio of the facet side in the above-mentioned interface is 90% or more more preferably 80% 
or more. If the ratio of a facet side is too low, it will become difficult to grow up a metal thin film as a 
good epitaxial film. In addition, the ratio of the facet side in this specification is the surface ratio for 
which it asked as follows from the transmission-electron-microscope photograph of a buffer-layer cross 
section. When the length (the length of field inboard) of the measuring object field on the front face of a 
buffer layer is set to B and the sum total length of a front face (except a facet side) parallel to the inside 
of a field is set to H, the above-mentioned ratio is expressed with [1-(H/B) 2]. Length B of the above- 
mentioned measuring object field may be 1 micrometers or more. 

[0044] In order to form a {1 1 1 } facet side in a front face, as for a buffer layer, it is desirable to make 
into a principal component the zirconium oxide which made the rare-earth-elements oxide the principal 
component, made the zirconium oxide the principal component, or replaced a part of Zr by rare earth 
elements or the alkaline-earth element. In addition, the rare earth elements in this specification shall 
contain Sc and Y. As for such a buffer layer, it is possible at the time of cubic (100) orientation or 
monoclinic system (001) orientation to make a facet side appear on a front face. 
[0045] If rare earth elements and an alkaline-earth element are expressed with R, composition of a 
buffer layer can be expressed with Zrl-xRx02-delta. Although cubic -> tetragonal -> monoclinic system 
and phase transition are produced applying [ which is x= 0 ] it to a room temperature from an elevated 
temperature (Zr02), a cubic stabilizes it by addition of rare earth elements or an alkaline-earth element. 
Generally the oxide which added rare earth elements or the alkaline-earth element is called stabilized 
zirconia to Zr02. It is desirable to use rare earth elements as an element for Zr02 stabilization in this 
invention. 

[0046] In this invention, if a facet side can be formed, especially x in Zrl-xRx02-delta will not be 
limited, however, to Jpn.J.Appl.Phys.27(8) L1404-L1405 (1988) In the rare-earth-elements stabilized 
zirconia, the bird clapper is reported to the tetragonal phase or the monoclinic system crystal by the 
composition region whose x is less than 0.2. Moreover, in the composition region used as a tetragonal 
phase or monoclinic system, orientation sides other than what it is going to obtain mix in J.Appl.Phys.58 
(6)2407-2409 (1985), and it is reported to it that the epitaxial film of single orientation is not obtained. 
However, as a result of this invention persons 1 repeating examination, by using the vacuum deposition 
mentioned later, x is that at least less than 0.2 composition can be grown epitaxially, and good 
crystallinity is acquired. Since insulation resistance becomes high and a leakage current becomes small, 
Zr02 film of a high grade is desirable when it needs an insulating property. However, in order to make 
formation of a facet side easy, it is desirable to make x or more into 0.2. 

[0047] On the other hand, although x is a cubic in the composition region exceeding 0.75 when forming 
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a buffer layer in contact with Si single crystal substrate, single (100) orientation is hard to be acquired, 
and the crystal of orientation (111) will mix or it will become single (111) orientation. Therefore, in case 
a buffer layer is directly formed on Si single crystal substrate, it is desirable to make x especially or less 
into 0.50 0.75 or less in Zrl-xRx02-delta. 

[0048] However, by forming a buffer layer through a suitable ground layer on Si single crystal substrate, 
even when x is large, a buffer layer can be made into cubic (100) single orientation. As such a ground 
layer, the thin film of the cubic (100) orientation which consists of a zirconium oxide or a stabilized 
zirconia, tetragonal (001) orientation, or monoclinic system (001) orientation is desirable. In addition, in 
a ground layer, x will be set as a small value rather than a buffer layer. 

[0049] What is necessary is just to choose suitably the rare earth elements which a stabilized-zirconia 
thin film contains according to the lattice constant of the thin film which touches a stabilized-zirconia 
thin film, or a substrate, so that the lattice constant of these and a stabilized-zirconia thin film may 
match. Although the lattice constant of a stabilized zirconia is changeable if x is changed with the kind 
of rare earth elements fixed, in change of only x, the field which can be matching adjusted is narrow. 
However, since a lattice constant can be changed comparatively greatly if rare earth elements are 
changed, optimization of matching becomes easy. For example, a lattice constant can be enlarged, if it 
changes to Y and Pr is used. 

[0050] In addition, although the zirconium oxide which does not include an oxygen defect is expressed 
with a chemical formula Zr02, with the kind, amount, and valence of the stabilization element which 
added the stabilized zirconia, the amount of oxygen changes and delta in Zrl-xRx02-delta is usually set 
to 0-1.0. 

[0051] A buffer layer may be the inclination composition structure with continuous composition of 
being, carrying out and changing gradually. When considering as inclination composition structure, it is 
desirable that x in Zrl-xRx02-delta considers as the composition which increases toward a front- face 
side (metal thin film side) from the rear- face side of a buffer layer. If a ground layer considers it a part of 
buffer layer when preparing the above-mentioned ground layer, this buffer layer can be called that from 
which composition changes gradually. 

[0052] Although the rare earth elements used for a buffer layer should just choose at least one sort of Sc, 
Y, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu, since what is easy to serve as hexagonal 
rare earth a type structure exists in a rare-earth-elements oxide, it is desirable to choose the element 
which is stabilized and serves as a cubic oxide. What is necessary is for at least one sort of Sc, Y, Ce, 
Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu to be desirable, and just to specifically, choose suitably 
according to the lattice constant when considering as a shell and an oxide among these, or other 
conditions. 

[0053] You may introduce an additive into a buffer layer for a property improvement. For example, 
aluminum and Si are effective in raising membranous resistivity. Furthermore, transition-metals 
elements, such as Mn, Fe, Co, and nickel, can form the level (trap level) by the impurity into a film, and 
conductive control is attained by using this level. 

[0054] In addition, now in Zr02 thin film used as a ground layer or a buffer layer, the upper limit of the 
ratio of Zr is about 99.99mol%. Moreover, with the present high grade-ized technology, since separation 
with Zr02 and Hf02 is difficult, the purity of Zr02 has usually pointed out the purity in Zr+Hf. 
Therefore, although the purity of Zr02 in this specification is the value computed by having considered 
that Hf and Zr were these elements, since Hf02 functions completely like Zr02 in the Zr02 above- 
mentioned thin film, a problem does not have it. Moreover, this is the same also in the above-mentioned 
stabilized zirconia. 

[0055] Although what is necessary is just to set up suitably so that especially buffer layer thickness may 
not be limited but the facet side of a suitable size may be formed, 5-1000nm is 25-100nm more 
preferably. When it is difficult to form a uniform facet side if a buffer layer is too thin and it is too thick, 
a crack may occur in a buffer layer. In addition, a ground layer serves as a homogeneous epitaxial film, 
ground layer thickness has a flat front face, and although what is necessary is just to determine suitably 
that a crack will not occur, it is usually desirable to be referred to as 2-5 Onm. 
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[0056] The metal thin film used as a metal thin film ground electrode is an epitaxial film, and should 
just be an orientation (100) film or (001) an orientation film. If a PZT thin film is formed on the good 
metal thin film of crystallinity and front-face nature, various electron devices, such as a thin film bulk 
resonator with a good property, will be realized. Moreover, since a metal thin film plays the role which 
absorbs stress in a thin film layered product, it also shows the effect which prevents the crack initiation 
of the thin film formed on a metal thin film. 

[0057] When using the buffer layer to which a facet side exists in a front face, the metal thin film 
prepared in the front face grows filling the crevice constituted by the facet side, as mentioned above, and 
finally, a metal thin film front face becomes flat, and it becomes parallel to a substrate front face. At this 
time, although the metal thin film is usually the cubic epitaxial film in which the field (100) carried out 
orientation to the film surface at parallel, a crystal deforms it with stress, for example, there is also with 
the epitaxial film of tetragonal (001) orientation, and a bird clapper. 

[0058] As for a metal thin film, it is desirable to make at least one sort of Pt, Ir, Pd, and Rh into a 
principal component, and it is desirable to consist of alloys containing the simple substances of these 
metals or these metals. Moreover, the metal thin film may consist of two or more sorts of thin films from 
which composition differs. 

[0059] Although the thickness of a metal thin film changes with uses, 10-500nm, it is 50-150nm more 
preferably, and it is preferably desirable that it is thin to the grade which does not spoil crystallinity and 
front- face nature. In order to more specifically bury the irregularity constituted by the facet side of a 
buffer layer, it is desirable to set thickness to 30nm or more, and thickness, then sufficient surface flat 
nature lOOnm or more are obtained. Moreover, in order to make it fully function as an electrode, it is 
desirable to set thickness to 50-500nm. 

[0060] in addition, the specific resistance of a metal thin film — desirable — 10-7-103-ohmcm — they are 
10-7 - 10-2ohmcm more preferably 

[0061] As for a PZT thin film PZT thin film, it is desirable that it is the 90-degree domain structure 
epitaxial film in which it grows epitaxially as mentioned above, and orientation (100) and orientation 
(001) are intermingled. And Ti/(Ti+Zr) of a PZT thin film is above-mentioned within the limits. 
Although the PZT thin film was formed by plural vacuum depositions in the above-mentioned example, 
it can also be formed by for example, the MBE method, the RF ignition-magneto RONSU packing 
method, etc. Although what is necessary is just to set up the thickness of a PZT thin film suitably 
according to the resonance frequency needed, it is usually chosen from the range of 0.05-5 micrometers. 
[0062] Usually, although PZT means the PbZr03-PbTi03 solid solution, in this invention, atomic-ratio 
Pb/(Ti+Zr) does not need to be 1. However, it is 0.8-1.3 preferably and is 0.9-1.2 more preferably. Good 
crystallinity is acquired by making Pb/(Ti+Zr) into such a range. Moreover, the ratio of O to Ti+Zr is 
not limited to 3. Since there are some which construct the perovskite structure stabilized in an oxygen 
defect or hyperoxia depending on perovskite material, atomic-ratio 0/(Ti+Zr) is usually 2.7 to about 3.3. 
In addition, composition of a PZT thin film can be measured by X-ray fluorescence. 
[0063] In this invention, although it is desirable to consist of Pb, Zr, and Ti as for a PZT thin film, you 
may contain the alloying element and impurity element other than these. For example, with the present 
high grade-ized technology, since separation with Zr02 and HfD2 is difficult, into a PZT thin film, 
Hf02 may mix as an impurity. However, it is satisfactory in order that the influence in the property of a 
PZT thin film with big mixing of Hf02 may not give. As the impurity element which exists in a PZT 
thin film, or an alloying element, rare earth elements (Sc and Y are included), and Bi, Ba, Sr, calcium, 
Cd, K, Na, Mg, Nb, Ta, Hf, Fe, Sn, aluminum, Mn, Cr, W and Ru are mentioned, for example. In this 
invention, rare earth elements, and Bi, Ba, Sr, calcium, Cd, K, Na and Mg shall replace Zr among these 
substitution element or an impurity element, Nb, Ta, Hf, Fe, Sn, aluminum, Mn, Cr, W, and Ru calculate 
Ti/(Ti+Zr) as what replaces Ti, and the result should just be in aforementioned within the limits. The 
substitutional rate of the substitution element in Pb, Zr, and Ti or an impurity element is 5% or less more 
preferably 10% or less, respectively. In addition, in the PZT thin film, other elements, for example, Ar, 
N, H, CI, C, Cu, nickel, Pt, etc., may be contained as a minute amount additive or an unescapable 
impurity. 
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[0064] The crystallinity of crystallinity and a front- face nature buffer layer, a metal thin film, and a 
ground layer can be evaluated by the half-value width of the rocking curve of the reflective peak in XRD 
(X diffraction), and the pattern of a RHEED image. Moreover, the pattern and transmission electron 
microscope of a RHEED image can estimate front-face nature. 

[0065] Specifically in an X diffraction, it is desirable in the buffer layer of a field (200) or (002) the field 
[rare earth c type structure to have the crystallinity of the grade from which each half-value width of the 
rocking curve of reflection (400) of field] becomes 1.50 degrees or less. In addition, although there is 
especially no lower limit of the half-value width of a rocking curve, and it is so desirable that it is small, 
now, generally, about 0.7 degrees especially of the aforementioned lower limits are about 0.4 degrees. 
Moreover, in RHEED, when irregularity will exist in the front face when an image is a spot-like, and it 
is a streak-like, a front face will be flat. And all will be excellent in crystallinity with the case, if the 
RHEED image is sharp. 

[0066] It is desirable to use a vacuum deposition, the MBE method, the RF magnetron-sputtering 
method, etc. for formation of the formation method buffer layer and a metal thin film, and it is desirable 
to use the method especially indicated by JP,10-17394,A. 

[0067] in addition, this invention can be applied also to the piezoelectric device by which an effect is 
most used for the high in addition thin film vibrator for mobile communications, a thin film VCO, a 
membrane filter, the high-speed frequency synthesizer for frequency hopping, a fluid injector, etc., when 
applied to FBAR 
[0068] 

[Effect of the Invention] In the thin film piezoelectric device of this invention, in the epitaxially grown 
PZT thin film, since composition and the crystalline array are optimized, highly efficient piezo-electric 
devices, such as wide band extraordinarily FBAR, are realizable. Moreover, the outstanding piezo- 
electric property can be realized, without carrying out polarization processing of the PZT thin film. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
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3. In the drawings, any words are not translated. 



PRIOR ART ^ _____ 

[Description of the Prior Art] New communication system, such as IMT2000, is going to be introduced 
one after another to the demand of the service which carried out functionalization to a rapid expansion 
of a mobile communications commercial scene in recent years. Use frequency rises to several GHz and a 
frequency span is also in 5 to 20MHz or more, and the inclination to expand. Moreover, while a 
miniaturization and power-saving of a pocket device are advanced, as a filter for EF, the surface- 
acoustic-wave (Surface Acoustic Wave:SAW) device is mainly used for the row for RF. Also in the 
SAW element, much more RF-izing, wide-band-izing, low-loss-izing, and low-pricing are demanded 
simultaneously that it should correspond to a new system. Although the SAW element has so far 
corresponded to severe requirement specification from a user by improvement in device engineering and 
IE, the limitation of the improvement in a property is approaching. Therefore, quite big technical 
innovation is needed for the future of a SAW element. 

[0003] Basic resonance is possible for the thin film bulk-wave resonator (Film Bulk Acoustic 
ResonatonFBAR) realized by the piezo-electric thin film apart from SAW element development on the 
other hand with a GIGAHERUTSU band. However, a good piezo-electric thin film did not accomplish 
the development in which it was not much conspicuous from the process tolerance of a substrate in 
which that production was difficult the thing until now, a piezo-electric thin film, and this are formed 
having not gone up. However, if a filter is constituted using FBAR, a microminiaturization can be 
carried out and monolithic integration with a semiconductor integrated circuit is possible in a 
GIGAHERUTSU band to the top in which low loss and wide band operation are possible. Therefore, 
utility value of FBAR is large towards the application to a future micro pocket machine. 
[0004] PZT which is the PbZr03-PbTi03 solid solution is a ferroelectric material which has 
piezoelectric [ high ]. Therefore, if PZT is used, FBAR using the PZT thin film of the polycrystal which 
might be able to realize FBAR in which wide band operation is possible in the high frequency band, for 
example, was formed of the sol gel process in Jpn. J. Appl.Phys. Vol.36 (1997) pp.6069-6072 is reported. 
Composition of the PZT thin film indicated by this reference is Pb(Zr0.52Ti0.48) 03. 
[0005] However, in FBAR indicated by the above-mentioned reference, unless it performs bias 
impression for performing polarization of a PZT thin film, the resonance characteristic is not obtained. 
Moreover, the RF of a GIGAHERUTSU band of the resonance characteristic obtained is also inadequate 
for carrying out low loss and wide band operation. Therefore, improvement in the electromechanical 
coupling coefficient of a PZT thin film is required. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the cross section showing the example of FBAR. 

[Drawing 2] It is the graph which shows the relation of I (100)/I (001) and composition in the epitaxially 
grown PZT thin film. 

[Drawing 3] It is the graph which shows the relation of the c axis lattice constant of an orientation 
crystal and composition in the epitaxially grown PZT thin film (001). 

[Drawing 4] It is the graph which shows the resonance characteristic of FBAR which applied this 
invention. 

[Drawing 5] (a) is the ** type view of the {111} facet side on the front face of a buffer layer, (b) is the 
enlarged view and (c) is the ** type view showing the state where the metal thin film was formed on this 
facet side. 

[Description of Notations] 

1 Beer Hall 

2 Si Substrate 

3 Buffer Layer 

4 Ground Electrode 

5 PZT Thin Film 

6 Up Electrode 

10 Die Bond Agent 

1 1 Package 

12 Wire . 

13 Lid 

A, B External end-connection child 
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DRAWINGS 



[Drawing 11 
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[Drawing 3] 
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[Drawing 41 
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